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Kazuo Suzuki* : Biosystematic studies of Japanese 
Epimedium (Berberidaceae) 

(1) Variation of the populations in Shikoku (Part 2)** 

*. a *md u 

(l) ESr&it £1100^11 (if 2 BP) 

Populations showing problematical affinity and/or variability. It has been 
confirmed that eight of the 23 populations studied can not be adequately re¬ 
ferred to any one of the four representative types described above. In the 
eight populations were included the individuals which are deviated from 
“pure” species in the combination of morphological characteristics, or are 
intermediate in some features. The individuals, which can be identified to 
belong to one of the four species, were also mixed in most of the eight 
populations. 

In the following descriptions which outline the population structure, in¬ 
dividuals referable to “pure” species are represented by the initial of species 
name (e. g., E. diphyllum — D), and the individuals which show the morpho¬ 
logical traits being laid across two species are denoted by the two initials 
connected by a hyphen. The number of samples observed is inserted in 
parentheses. 

Koboshi (Fig. 8, 2) : varying from D to K, also skewing to T : D (7) ; 
K (1) ; D-K (9), D in leaf hairiness and K in ramification and/or leaflet apex; 
nearly T (1), differing from typical T in having a shorter spur; D-T (2), D 
in ramification and T in spur development (though shorter than typical T) 
and leaflet apex. 

Masahiro (Fig. 8, 3) : varying from D to K: D (2) ; K (4) ; D-K (6), D 
in leaf hairiness and K in ramification and/or leaflet apex. 

Tozenji (Fig. 8, 5) : close to K but faintly skewing to D : K (14) ; K-D 
(10), D in leaflet apex and K in other features. 

* Makino Herbarium, Faculty of Science, Tokyo Metropolitan University, Fukazawa, Setagaya, 
Tokyo 158. JfOtiSfrfflSEifiR 2-1-1. 158. 

** Continued from Journ, Jap. Bot. 53 : 203-212 (1978). 
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Kagami-A (Fig. 8, 9) : close to D but faintly skewing to T : D (3), D-T 
(7), T in leaflet apex and D in other features. 

Kagami-B (Fig. 8, 10) : intermediate between D and T though closer to 
D, variable: D (5) ; D-T (25), D in ramification and T in spur development 
(though generally shorter than typical T) and/or leaflet apex. 



INNER SEPAL LENGTH (mm) 


Fig. 8. Scatter diagrams showing the character correlation in the collections from eight prob¬ 
lematical populations: 2, Koboshi; 3, Masahiro; 5, Tozenji; 9, Kagami-A: 10, Kagami-B: 
12, Aburaishi; 18, Sadanaga; 19, Funakoshi. (Legends for symbols as in Fig. 5). 
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Aburaishi (Fig. 8, 12) : intermediate between D and T though closer to 
T, variable: D(l) ; D-(T)-G (1), D in spur development, G in ramification 
and T (intermediate between D and G) in other features; D-T (2), D in 
spur development, and T in ramification and leaflet apex; nearly T (24), dif¬ 
fering from typical T in having a shorter spur. 

A herbarium specimen from Ioki (cf. Fig. 1 and Fig. 4) ; D-T, D in spur 
development and T in other features. 

A herbarium specimen without a flower from Kuwao (cf. Fig. 1 and Fig. 
4) ; T-G, T in leaflet apex, intermediate in leaf hairiness, and G in ramifica- 


Table 3. Number of individuals showing respective pollen fertility. 


Locality 

Pollen fertility {%) 

40-50 

50-60 

60-70 

70-80 

80-90 

90-100 

undeterminable 

1. Mt. lino 

0 

0 

0 

0 

0 

5 

0 

2. Koboshi 

0 

0 

0 

1 

0 

19 

0 

3. Masahiro 

0 

0 

1 

1 

0 

10 

0 

4. Kirihata 

0 

0 

0 

0 

1 

28 

0 

5. Tozenji 

0 

0 

0 

1 

0 

23 

0 

6. Nishikata 

0 

0 

0 

2 

4 

14 

0 

7. Takano 

0 

0 

0 

0 

0 

8 

0 

8. Go-odo 

0 

1 

1 

0 

0 

15 

1 

9. Kagami-A 

0 

0 

0 

0 

0 

10 

1 

10. Kagami-B 

0 

0 

0 

0 

5 

25 

0 

11. Sako 

0 

0 

0 

0 

1 

17 

0 

12. Aburaishi 

0 

0 

0 

2 

2 

24 

0 

13. Oko 

0 

0 

0 

0 

0 

26 

0 

14. Ikku 

0 

0 

0 

0 

0 

21 

0 

15. Jinzenji 

0 

0 

0 

0 

0 

10 

0 

16. Engyoji 

0 

0 

0 

0 

0 

27 

0 

17. Fukui 

0 

1 

0 

0 

0 

22 

0 

18. Sadanaga 

0 

0 

0 

1 

0 

25 

0 

19. Funakoshi 

0 

0 

0 

0 

0 

20 

0 

20. Onogahara 

1 

0 

0 

0 

2 

20 

1 

21. Yamada 

0 

0 

0 

0 

0 

27 

2 ■ 

22. Izumi 

0 

0 

0 

2 

1 

10 

11 

23. Misaki 

0 

0 

0 

1 

0 

34 

0 
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tion. 

Sadanaga (Fig. 8, 18) : intermediate between T and G, showing no in¬ 
dividual of typical T or G but composed of the individuals having the follow¬ 
ing character-combinations (T and G are denoted below as the features of 
the corresponding taxon, and I means the intermediate trait between T and 
G; the characters are arranged in the order of the degree of spur develop¬ 
ment, leaf hairiness, type of ramification and shape of a leaflet apex) : TIGG 
(11), TIGT (5), GIGG (4), GIGT (3), GTGT (1), TTGG (1). 

Funakoshi (Fig. 8, 19) : intermediate between T and G : no typical T nor 
G; composed of the individuals with the following character combinations 
(procedures as in the Sadanaga population) : TIGG (12), TIGT (3), GIGT 
(2), GIGG (1). 

Pollen fertility. Results of the examination of pollen are shown in Table 
3. It is clear that most individuals in every population show over 80% in 
pollen fertility and that individuals with an aberrant character-combination 
in problematical populations show as high fertility as those in the popula¬ 
tions of the representative types. 

Discussion The present work has proved that populations of Epimedium 
in Shikoku can be divided into two kinds. One of them has a minor intra- 
populational variability and consists of the populations which can be identified 
as belonging to one of the four representative types. The other kind of the 
populations is characterized by a larger intra-populational variability. They 
are composed of the individuals which are referable to a representative type 
and some aberrant individuals or of aberrant individuals only. 

Character-expressions found in such aberrant individuals strongly suggest 
that gene exchanges among the four types would have occurred. It is hardly 
imagined that the intra-populational variability as noted in the Sadanaga 
population has been brought about through mutation or phenotypic plasticity. 
More or less similar variability within a population, which can be regarded 
as a reproductive unit (cf. Table 1), has been observed in seven other popu¬ 
lations. It may be presumed that the gene-recombinations through hybridiza¬ 
tion have occurred. 

As may be seen from Table 2 and Fig. 5, E. diphyllum and E. grandi- 
florum are contrasted in all the diagnostic characters, except the hairiness 
of the upper loaf surface (see below). The morphological features of these 
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two species can be regarded to represent the two extremes among plants of 
Epimedium in Shikoku. On the other hand, E. kitamuranum and E. trifoliato- 
binatum are intermediate between the two extremes in various features and 
approach to one of the two extremes in some other features. It may also 
be clear from Table 2 that E. kitamuranum is closer to E. diphyllum while E. 
trifoliatobinatum to E. grandiflorum. In case of Epimedium, sterility barriers 
apparently do not operate to reduce introgressive hybridization, as evidenced 
by the fact that no appreciable reduction pollen- (Table 3) and seed-fertility 
has been detected in the aberrant individuals of various variable populations. 
All of these observations are in favor of the hypothesis advanced by some 
earlier authors (Stearn, 1938; Maekawa, 1955; Kitamura & Murata, 1961) 
that both E. kitamuranum and E. trifoliatobinatum may be of hybrid origin 
between E. diphyllum and E. grandiflorum. 

Mention should be made to the hairy upper surface of a leaf in E. 
kitamuranum. This trait is not found in any other plants of Epimedium in 
Shikoku, and it would seemingly contradict the assumption of the hybrid 
origin of E. kitamuranum. The hairs in question are, however, morphologic¬ 


ally similar to the hairs on the 
lower surface of a leaf in E. kita¬ 
muranum and also in E. diphyllum 
and E. trifoliatobinatum (Fig. 9). 
Morphological characteristics of hy¬ 
brids are not always parental or 
intermediate, but transgressive seg¬ 
regation is known in various ex¬ 
amples (Grant, 1975). The fact that 
only E. kitamuranum has the hairy 
upper leaf surface among the plants 
in Shikoku may therefore be not 
necessarily contradictory to the as¬ 
sumption of its hybrid origin. 



Fig. 9. Persistent hairs observed on a leaf: 
A, E. diphyllum ; B, E. kitamuranum ; C, 
E. trifoliatobinatum ; D, E. kitamuranum. 
A-C, lower surface: D, upper surface. 


Although the above hypothesis seems to be tenable, it is apparently de¬ 


sirable to verify it by experimental means. It must be noted that no popu¬ 


lation which is indicative of natural hybridization between E. diphyllum and 


E. grandiflorum has been located in Shikoku. Under the assumption that E. 
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kitamuranum and E. trifoliatobinatum are hybrid derivatives, studies must be 
extended to make clearer what environmental factors have contributed to 
sort out the plants referable to E. kitamuranum and E. trifoliatobinatum from 
the hybridizing populations. Edaphic factors may be regarded as part of 
such factors • “pure” populations of E. trifoliatobinatum are almost always 
confined to a site on serpentine rocks according to Yamanaka (1953a) and 
the present observation. 

Evolutionary differentiation which seems not to be related with hybridi¬ 
zation has been observed in E. grandiflorum. Populations of this species in 
eastern Shikoku (7 and 8) are characterized by a very short petiole length 
of a stem-leaf, while a population located in western Shikoku (20) has con¬ 
sisted of the individuals with much longer petiole. The former grows on 
limestone cliffs or slopes, while the latter occurs on a grassy karst plateau. 
These differentiation must have occurred in connection with geographical 
isolation, and hybridization seems not to have played a role. This subject, 
as well as various other subjects, should be studied further by adding an¬ 
alyses of populations in other regions and by approaches from other points 
of view. Studies along these lines are now in progress. 
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